Since the discovery of enolase in muscle extracts by Lohmann and Meyerhof in 1934, it has been shown that the enzyme is present in almost all living cells (1) . Its presence in skin was suggested by Glasenapp and Leonhardi who found that fluoride caused a retardation of glycolysis (2) . Bernstein et al. (3) demonstrated that 3-phosphoglyceric acid was stoichiometrically converted to lactic acid with crude extract from young rat skin. This indicated the presence of a series of enzymes in the test system such as phosphoglycerate mutase, enolase, pyruvate kinase and lactate dehydrogenase.
This communication reports the direct demonstration of enolase in skin and a partial characterization of it.
MATERIALS AND METHODS
The materials and general analytical technics were essentially the same as those described in a previous paper (4) . The assay method for enolase is based on the measurement of the reaction product, phosphoenolpyruvate. This is subsequently converted to lactic acid with the concomitant oxidation of NADU' on the addition of crystalline pyruvate kinase and lactate dehydrogenase.
Thus, the dehydrogenation of one mole of 2-phosphoglycerate corresponds to the oxidation of one mole of NADII, which may be measured fluorometrically to permit high sensitivity (5) .
The complete enolase assay reagent° consisted of 3 mM 2-phosphoglycerate, Na salt; 2 mM adenosine diphosphate; 1 mM NADH; 5 mM
MgSO; 50 mM KCI; 0.05% bovine plasma albumin; 5 eg/ml reagent mixture of lactate dehydrogenase; 10 g/ml pyruvate kinase; 0. dazole buffer, pH 7.1; and 5 el of the epidermal homogenate (0.5% usually) in a total volume of 50 id. NADH oxidation was measured exactly as described previously (6) .
For the microassay of enolase activity in skin, the reaction mixture was added to 1 ig samples (average) and NAD formation was measured as described previously (6) .
The substrate, sodium 2-phosphoglycerate, was prepared from barium salt by the addition of sulfuric acid followed by neutralization with sodium hydroxide. The substrate concentration was measured specifically by NADH-coupled reaction with the auxiliary crystalline enzymes, i.e., enolase, pyruvate kinase and lactate dehydrogenase. Lactic acid was measured according to the method of Barker and Summerson (7) .
RESULTS
The optimal pH for enolase in imidazole buffer was ordinarily found to be 7.1 ( Fig. 1) , which is within physiological range. When enolase activity was tested in Tris buffer, the maximal activity was also obtained at a physiological pH range (7.2). Tris buffer, however, seemed to inhibit enolase activity by 10 to 30%.
The effect of the substrate is shown in Fig. 2 . The optimal concentration of 2-phosphoglycerate was between 1.5 and 3 mM. A graphic analysis of apparent Michaelis constant for 2-phosphoglycerate with the epidermal homogenate as enzyme source yielded approximately 5 >( 10-' M. When one of the auxiliary enzymes, i.e., either pyruvate kinase or lactate dehydrogenase, was omitted from the assay reagent mixture, the epidermal enolase activities varied from 70 to 95% of maximal values. Whereas these enzymes seem to be abundantly present in the homogenate, there is not enough endogenous enzyme to attain optimal enolase activity. Since the metal ion specificity in the activation of enolase is well known (9, 10) , the effects of the addition of several divalent ions (at 3 mM final concentration) were tested. The fluorometric assay method for enolase described above is not applicable to the test for the addition of magnesium ion because Mg is an absolute requirement for the subsequent pyruvate kinase reaction. Therefore, enolase was spectrophotometrically assayed as described by Bücher (8 and that of Co none. The effect of the addition of fluoride to epidermal homogenate was also tested under the spectrophotometric assay system. A final concentration of NaF at 1 mM caused no apparent inhibition, but at 5 mM it caused 80% inhibition and at 12.5 mM nearly 100% inhibition.
The activities of enolase in various parts of the skin of the rhesus monkey and the stumptail macaque are summarized in Table I . Gen- erally the enzyme activities in the cutaneous appendages of the rhesus monkey resemble those in the stump-tail macaque except for those in the sole. The ecerine sweat glands appear to contain the highest activity, averaging 22 moles/kg dry wt/hour. The epidermis, mucous membrane and hair follicles also have high enolase activities ranging from 10-28 moles/kg dry wt/hour. The sebaceous glands have relatively low activity, 6-10 moles/kg dry wt/hr. The dermis contains only negligible enolase activity.
DISCUSSION
The regional variations of enolase activity resemble those of pyruvate kinase or lactate dehydrogenase. This similarity in the distribution pattern of the three enzymes is coupled with a similarity in their catalytic characteristics, such as optimal pH, optimal activities and Km for their substrates. This suggests a close association of these enzymes in catalytic reactions in skin and it coincides with their location in the glycolytic pathway.
The metal ion specificity in the activation of as the epidermis, hair follicles and mucous membrane, and relative low activities (6-10 moles/kg dry wt/hr) in sebaceous glands from the lip and scalp region. The apocrine sweat gland has medium high activity (7.6 moles/kg dry wt/hr), however the eccrine sweat glands contain an exceptionally high enolase activity (an average of 22 moles/kg dry wt/hr). The epidermal enolase has been shown to be sensitive to Mg which actually acts as coenzyme.
